Background-Obesity and HIV disproportionately affect minorities and have significant health risks, but few studies have examined disparities in weight change in HIV-seropositive (HIV+) cohorts.
Introduction
Obesity has become a leading health threat in the United States (U.S.). In the National Health and Nutrition Examination Survey (NHANES) from 2009 to 2010, 35 .7% of U.S. adults were obese. 1 Obesity is more prevalent in Hispanic and non-Hispanic black populations and in persons of lower socioeconomic status (SES). [2] [3] [4] [5] [6] Minority race and low SES also increase the risk for human immunodeficiency virus (HIV) infection. 7, 8 Thus, communities most severely affected by the HIV epidemic are also more likely to have a high prevalence of obesity. 7, 9 However, few studies have examined the disparities in the prevalence of obesity and weight gain in HIV-infected (HIV+) populations.
Traditionally, the focus of HIV providers has been on preventing HIV-related wasting, weight loss, and lipodystrophy. [10] [11] [12] With the advent of highly-active antiretroviral therapy (ART), HIV-specific morbidity and mortality have diminished while non-HIV specific conditions, such as cardiovascular disease have grown as health threats for HIV+ persons. [13] [14] [15] [16] [17] In this environment, providers may need to pay greater attention to preventing obesity and related conditions such as diabetes and cardiovascular disease. [18] [19] [20] [21] [22] [23] [24] The prevalence of obesity in HIV+ cohorts ranges from 17 to 32% in cross-sectional studies. [24] [25] [26] [27] [28] [29] [30] [31] However, point prevalence studies do not elucidate weight change patterns that are indicative of the future severity of this problem. Previous studies of weight change in HIV+ cohorts have focused on the first 12 to 24 months on ART, when weight gain may be considered beneficial, 12, 29, 32, 33 or on military cohorts with low baseline rates of obesity. 34, 35 To our knowledge, longitudinal analyses of weight changes have not been conducted in HIV+ cohorts on long-term ART.
We examined change in body mass index (BMI) over a 4-year timeframe in a Hispanicmajority HIV+ cohort receiving care from the largest HIV clinic in South-Central Texas. This region is greatly affected by obesity. In 2010, 32.4% of adult residents in South-Central Texas were obese, and 66.3% were either overweight or obese. 36 Because the vast majority of the cohort is receiving chronic ART, we hypothesized that the prevalence of obesity would approximate that observed in the local population. We hypothesized that there would be significant disparities in weight gain such that minorities and persons with lower socioeconomic status would be more affected as is observed in the general population. 2, 4, 6, 37 Further, we hypothesized that health insurance status, as a correlate of SES, 38, 39 would modify the association of race-ethnicity with weight gain, such that uninsured minorities would be the most severely affected by significant weight gain, as in general populations. 2, [4] [5] [6] [40] [41] [42] 
Methods

Description of the South Texas HIV Cohort
The South Texas HIV Cohort includes patients receiving care from 1/1/07 through 12/31/10 in the Family Focused AIDS Clinical Treatment & Services clinic. This clinic is the largest HIV treatment center in South-Central Texas and located in a publicly-funded county hospital affiliated with an academic medical center in San Antonio, Texas. Study data were obtained from an electronic medical record (EMR) system and included: demographics, health insurance information, physiologic measures, clinical diagnoses, laboratory data, visit data, and prescribed medications. Cohort patients were ≥18 years old at their first clinic encounter and not known to be incarcerated per Institutional Review Board specifications. If patients under 18 years of age were seen in the clinic, EMR data was censored prior to their 18 th birthday. HIV diagnosis was validated by an ICD-9-CM code for HIV infection (v08 or 042.xx) in the EMR or a visit to the HIV clinic and confirmatory laboratory results (positive HIV ELISA and Western Blot, or plasma HIV-1 RNA level >1000 copies/mL). The 19 questionable cases were resolved by chart review. The resultant cohort totaled 1,890 individuals who received longitudinal care in the HIV clinic.
For our analysis of weight change, we selected patients with: 1) at least two HIV clinic visits during the observation period from 1/1/2007 to 12/31/2010; 2) at least six months between consecutive BMIs; 3) no pregnancy in this timeframe; and 4) white, black, or Hispanic raceethnicity because other racial-ethnic groups comprised only 1.5% of the cohort. We excluded patients with missing plasma HIV-1 RNA or initial CD4+ count data. We also excluded patients who were underweight (BMI <18.5 kg/m 2 at baseline measurement) because weight gain for underweight individuals is often a treatment goal. Our final cohort totaled 1,214 individuals (Figure 1 ). Of the 959 excluded patients, 20% were women; median age was 39 years (IQR: 30, 47); and race-ethnicity was 34% white, 42% Hispanic, 17% black, and 7% other.
Outcome Variables
The primary study outcome was significant weight gain specified dichotomously as ≥3% annual increase in BMI, calculated as the difference between the first (baseline) and last BMI in the observation period divided by the observation time in years. We selected this outcome because a 3% annual weight gain leads to obesity in only three years among persons at the midpoint of the overweight range (e.g., 27.5 kg/m 2 ) and it is five to 10 times greater than the average increase in BMI for the general U.S. population which is 3.4% in men and 5.2% in women over a 10 year period. 43, 44 To calculate change in BMI, we excluded heights that differed by >10cm for an individual (5.4% of all measurements) and used each patient's average height to calculate BMI using the formula: weight/(average height during observation period). 2 All BMIs <15 kg/m 2 or >50 kg/m 2 and any BMI that changed more than ±5% from the prior recorded BMI were manually checked, and apparent data entry errors were excluded (406 of 16,451 or 2.5%).
Independent Variables
Primary independent variables
Race-ethnicity/Insurance status: Self-reported race-ethnicity was categorized as: Hispanic, non-Hispanic black (black), or non-Hispanic white (white). Health insurance status, based on the most common type for all visits, was classified as: 1) insured (i.e., Medicare, Medicaid, and all private insurance programs); or 2) uninsured (i.e., medical care provided through a county or federal financial assistance plan, available on a sliding scale for those with incomes <300% of the Federal Poverty Level). Insurance status serves as an indicator of SES as in other studies. 38, 39 We specified the hypothesized interaction between insurance and race/ethnicity in a four category variable: a) insured white, b) uninsured white, c) insured Hispanic or black (minority), or d) uninsured minority.
Demographic variables: These characteristics included: age at first clinic visit in the observation period, gender, and mean household income per year for the patient's residential zip code as an alternative measure of SES. 45 Self-reported HIV transmission categories were: heterosexual sex, men who have sex with men (MSM), injection drug use (IDU), and other, including unknown or missing. The IDU category includes those MSM reporting IDU due to small sample size of that dual risk category (n=13).
Clinical variables: BMI is measured in the clinic prior to each provider visit using one of two regularly calibrated standing scales to calculate weight, and height is calculated using a stadiometer, and calculated as weight in kg/ (height in meters) 2 . The first or baseline BMI in the observation period was categorized as: normal (18.5 to <25 kg/m 2 ); overweight (25 to <30 kg/m 2 ), or obese (≥30 kg/m 2 ). 46 Immunologic status, based on the first CD4+ cell count in the observation period (hereafter initial CD4+ cell count), was categorized as: <200, 200-349, or ≥350 cells/μL. Because of changes in plasma HIV-1 RNA assay threshold during the observation period, virologic failure was defined as any two plasma HIV-1 RNA levels >1000 copies/ml at least 24 weeks after starting ART. Diabetes mellitus diagnosis was based on ICD-9-CM diagnosis codes 250.XX at ≥2 visits or hemoglobin A1c ≥6.5%; and hypertension from ICD-9-CM codes (401.xx at ≥2 visits) or two blood pressure measurements >140 mmHg systolic or >90 mmHg diastolic. Hepatitis C (HCV) infection was determined by positive HCV antibody test or HCV RNA PCR. ART type was based on EMR prescription records during the observation period: 1) receipt of ART without a protease inhibitor (PI) prescription, 2) receipt of ART with a PI prescription, and 3) no prescriptions for ART, due to the known association of PIs with metabolic syndrome, obesity, and weight change in prior studies. 29, 32, 47 Health care utilization variables: The per-patient observation period was the time between first and last available BMI measurement within the 2007 to 2010 observation period. The number of HIV clinic visits with documented weights during the observation period was used as a metric of care intensity, with those patients in the lowest quartile (<7 visits) characterized as receiving infrequent HIV clinic follow-up.
Statistical Analyses
We first examined the interaction between race-ethnicity and health insurance status with the primary outcome, significant annual weight gain. We then estimated multivariate logistic regression models to examine the association of race-ethnicity/insurance status with significant weight gain after adjustment for demographic, clinical, and health care utilization variables. We excluded HIV transmission risk from the final model because it was not significant in ours or other studies. 29 Because of collinearity with insurance type, we also excluded mean household income in residential zip code from the final model. We excluded indicators for diabetes or hypertension because these conditions may result from weight gain instead of being in the causal pathway. HCV status was excluded because it did not contribute specificity to any of the models. Interactions between individual predictors were examined using second order interaction terms in the logistic regression model.
In sensitivity analyses, we excluded the few patients who were not treated with ART (4%) and conducted a comparison between only Hispanic and non-Hispanic white patients. We also examined an alternative specification of the outcome as absolute change in BMI per year over the observation period. These additional analyses did not change our conclusions so they not reported.
We examined the longitudinal trajectory of BMI change including all BMI measurements for each patient over the observation period in a mixed effects model including both a random intercept and a random slope and using continuous BMI values as the response variable. The fully adjusted model included: the four-level race/ethnicity-insurance variable, years since baseline BMI, age at first visit, length of observation, gender, virologic failure, initial CD4+ cell count, initial BMI, ART type, and infrequent HIV clinic follow-up. Second order interactions between explanatory variables were also examined.
For all analyses, predictor variables were considered statistically significant if associated with a P value <0.05 and 95% confidence intervals (CI) are used. Pearson X 2 , KruskalWallis H test, and logistic regression analyses were conducted using PASW Statistics (Version 17.0) and mixed effects models were generated using SAS GLIMMIX procedure (Version 9.2).
Results
Of 1,890 HIV+ patients receiving care the HIV clinic from 2007 to 2010, 1,214 met study inclusion criteria (Figure 1) . The study cohort was 62.8% Hispanic, 23.4% white, and 13.8% black. Only 7% had private insurance, 33% had Medicare, 14% had Medicaid, and 46% were uninsured. At the start of the observation period (hereafter referred to as baseline), 37.5% of the cohort was overweight and 22.1% obese ( Table 1) . Of 946 patients who were not obese at baseline, 112 (11.8%) became obese during follow-up. Median observation period was 3.25 years; 45 patients (3.7%) in the cohort had an observation period of 6 months to 1 year, the remainder had ≥ 1 year. Significant weight gain, defined as a ≥3% annual increase in BMI, 43 was observed for 24.0% (n=291) of the cohort. Baseline BMI categories for those patients who experienced significant weight gain were: 148 (50.9%) normal weight; 95 (32.6%) overweight; and 48 (16.5%) obese.
All patient characteristics differed significantly by the four-level race-ethnicity/insurance status variable except for CD4+ category and virologic failure ( Table 1) . Uninsured minorities were younger, more likely to be women, and less likely to receive PI-based ART. Regardless of insurance type, minority patients were more likely to be overweight or obese (minority 62.4% vs. whites 50.4%; odds ratio (OR) 1. Table 2) . Patients with a normal baseline BMI had increased odds of significant weight gain compared with those who were obese at baseline, but overweight and obese patients did not differ significantly. Patients with severe immunosuppression (initial CD4+ cell count <200 cells/μL) had greater odds of significant weight gain than patients with initial CD4+ cell count ≥350 cells/μL. Patients with virologic failure were less likely to have significant weight gain.
After adjustment for demographic and clinical variables, the adjusted odds ratio (AOR) of significant weight gain was 2.85 [CI 1.66 -4.90] for uninsured minorities compared with whites with insurance but race-ethnicity/insurance groups did not differ significantly ( Table  2) . Persons with a normal baseline BMI had nearly 60% higher adjusted odds of significant weight gain compared with those who were obese at baseline. Severe immunosuppression was also associated with increased adjusted odds of significant weight gain than those with initial CD4 ≥350 cells/μL.
A fully adjusted mixed effects model including all BMI measurements revealed that uninsured minorities had a significantly more rapid increase in BMI over the observation time than other race-ethnicity/insurance categories (Figure 2 and Table 2 , Supplemental Digital Content). For all 1214 patients in the cohort, the proportion of obese patients was projected to rise from 22.1% at baseline to 31.3% after 4 years. Of the 455 patients who were overweight at baseline, 131 (28.8%) were projected to become obese after 4 years ( Table 3) . The number of patients projected to be obese also varied by race-ethnicity/ insurance category; the adjusted mixed effects model revealed that 26% of insured whites, 22% of uninsured whites, 30% of insured minorities and 38% of uninsured minorities were predicted to be obese at four years from baseline. Patients with severe immunosuppression and those without virologic failure had a significantly greater annual increases in BMI than those with less severe immunosuppression or with virologic failure (P < 0.001 and P = 0.04, respectively, Table 2 , Supplemental Digital Content). Compared with obese patients, patients in other BMI categories had significantly greater annual increases in BMI.
Discussion
In a predominately Hispanic HIV+ cohort, 60% were overweight or obese at baseline, higher than most cross-sectional studies of weight in HIV+ patients, [25] [26] [27] [28] and our prediction model estimates that overweight/obesity will increase to 66% over 4 years. Over the same observation period, 2007-2010, data from the San Antonio Metropolitan Statistical Area show that overweight/obesity in the surrounding population dropped from 69% to 63%, 36 indicating that our cohort may be at more risk than the general population. A significant interaction between race-ethnicity and health insurance status, used as a proxy for SES, demonstrated that uninsured minorities had over three times greater odds of significant weight gain than white persons with insurance. Interestingly, insured minorities and uninsured whites did not differ significantly from insured whites after adjustment. The increased risk of weight gain for uninsured minorities was observed for both a dichotomous outcome measure (≥3% BMI increase/year) and a mixed effects model examining longitudinal change in BMI as a continuous outcome over a median 3.25 years of follow-up.
Cardiovascular disease has become a major cause of morbidity and mortality in persons with HIV infection. [13] [14] [15] [16] [17] [48] [49] [50] [51] Because overweight-and obesity-related complications, such as diabetes mellitus, are associated with an increased risk of cardiovascular disease, prevention of excessive weight gain in HIV-infected persons may represent a currently overlooked opportunity for primary prevention. While recent research suggests that being overweight may reduce the risk of death in general populations, obesity still carries major health risks. 52, 53 Nationally, the prevalence of overweight and obesity increased rapidly from the 1960s through 2004, but remained relatively stable over the past decade. 54 This is not the case for our HIV-infected cohort, in whom one quarter were gaining weight at a rate over 5 times faster than the general population. 43, 44 Our analysis of longitudinal changes in BMI predicts that nearly 30% of HIV+ patients who are overweight at baseline will become obese within 4 years.
The association between race-ethnicity and weight gain has not been observed by other investigators, but their minority populations have been dominantly African American. 29, 32, 34 The increased representation of Hispanics in this cohort may be the reason for this discrepancy, as Hispanic men, who comprise the majority of this cohort, have the highest prevalence of overweight/obesity in the general population, compared with non-Hispanic white and non-Hispanic black men. 2, 31 In the general U.S. population, racialethnic minorities and those with lower childhood and adult SES have greater lifetime weight gain, and these trends appear to be consistent with the patterns observed in this study. 55 We did not observe significant differences by gender, HIV transmission category, or mean household income in the residential zip code, an alternative measure of SES. Since women comprised only 20% of our cohort, we were likely underpowered to find gender differences. We did not observe the association between ART that includes PIs and significant weight gain that was reported in two studies with a primarily black minority population, 29, 32 but the U.S. Military HIV Natural History Study also did not find this association. 34 There are several limitations to this analysis. Our study population received care from only one HIV clinic, albeit the largest such clinic in South-Central Texas, and although most patients receive care within our county healthcare system, any outside clinical encounters would not be documented. We did not have a direct measure of SES or time on ART, and some patients only had two BMI measurements, though only 3.7% of cohort had <12 months observation time. We also lacked information about the reasons for weight gain, which for some patients and their providers may be a goal of treatment. Prior to the advent of potent ART, obesity was found to be protective against both mortality and disease progression. 28, [56] [57] [58] [59] [60] Recent studies suggest that overweight may be associated with improved immune response to ART; however, obesity was associated with a less robust immune response. 33, 35, 61 To address this limitation, we excluded underweight patients at baseline and adjusted for the level of immunodeficiency. We also conservatively examined a threshold for significant weight gain that is at least five times higher than that observed in the general population. 43, 44 In this primarily Hispanic cohort in longitudinal HIV care, we observed a high prevalence of overweight and obesity at baseline accompanied by significant weight gain, especially for uninsured minority patients, over more than three years of follow-up. If confirmed in other cohorts, these data suggest that HIV providers may need to be as attentive to addressing excessive weight gain as they are at managing weight loss in their patients. To avert severe obesity-related complications for patients with HIV infection, it may be necessary to integrate clinic-based interventions for weight control. [62] [63] [64] [65] [66] Our data suggest that uninsured minority patients should be a primary focus for such interventions, though the overall prevalence of obesity in the cohort and the high baseline prevalence of obesity in insured patients suggest that a clinic-wide intervention may be necessary. It is also important to explore patients' perceptions about weight, particularly among minority groups who may consider overweight and obesity to be an indication of health. 67, 68 This study is unique in examining longitudinal changes in weight in a primarily Hispanic HIV+ cohort, but similar analyses need to be conducted in other HIV cohorts to determine whether the alarming trends in weight gain that we observed are a health concern for HIV+ patients nationally.
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a Exclusions from the multivariate model: Annual income removed due to colinearity with insurance; HIV transmission category removed due to lack of association in prior studies. 
